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CHAPTER 1. 
GENERAL INTRODUCTION 
 
Forested habitats in the Upper Midwest have been greatly reduced since settlement.  
More than 99% of original savanna and woodland has been lost or degraded (Nuzzo 1985), 
while mesic forests have declined by 20-90% and are now restricted to about 14% of the 
landscape (Ricketts et al. 1999).  Both model results and empirical data suggest that when 
fragmentation reduces the amount of a given habitat to <30% of the landscape, species 
associated with that habitat experience sharp declines (Andrén 1994).  To preserve forest 
biodiversity in the Upper Midwest, conservationists have begun to focus increased attention 
on the Driftless Area, where 30-50% of the landscape remains forested (Knutson et al. 2001).   
The Driftless Area Ecoregion covers 42,000 km2 in northeastern Iowa, southeastern 
Minnesota, and southwestern Wisconsin, as well as a small portion of northwest Illinois 
(McNab and Avers 1994).  This ecoregion is so-named because it was not covered by 
glaciers during the latter part of the Pleistocene epoch and has a unique geology 
characterized by highly dissected upland plateaus, abundant rock outcroppings, and deeply 
cut valleys (Prior 1991).   
The conservation value of Driftless Area forests is affected not only by within-stand 
dynamics, but also by shifts in the composition of the surrounding landscape matrix.  The 
influence of the surrounding landscape on ecological patterns and processes in nature 
reserves is inversely correlated with reserve size (Saunders et al. 1991), and relatively small 
reserves predominate in this region.  Properties bordering parks and natural areas are 
particularly attractive targets for residential and second home construction (Miller and Hobbs 
2002).  Thus, public land managers must contend with new challenges stemming from 
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activities on adjacent properties in addition to those associated with traditional land uses such 
as agriculture or timber harvesting.  To further complicate matters, research suggests that 
avian response to landscape patterns in the Driftless Area may deviate from responses 
observed in eastern forests (Knutson et al. 2004, Miller et al. 2004), perhaps because forests 
in the Driftless Area are naturally fragmented.  Whatever the reason, this makes extrapolation 
from studies conducted in the eastern U.S. somewhat tenuous.     
Although the overall extent of forest cover suggests much potential for conserving 
forest bird diversity, native ecosystems in this topographically dissected region have been 
highly altered since settlement.  Of particular concern in forest remnants is a shift toward 
more closed canopy stands and a higher proportion of shade tolerant species such as sugar 
maple (Acer saccharum) and basswood (Tilia americana; Glenn-Lewin et al. 1984).  Recent 
USDA Forest Service inventories (http://fia.fs.fed.us/) provide evidence of oak declines in a 
sizeable portion of the Driftless Area and widespread failure of oaks to regenerate, reflecting 
trends over much of this species range (McShea and Healy 2002).  For birds, evidence 
suggests that changes from oak- to maple-dominated forests may have adverse impacts for 
resident and long-distance migrant species, woodpeckers, and bark-gleaners (Rodewald and 
Abrams 2002, Rodewald 2003).  Also of concern, are impacts on avian communities 
resulting from increases in invasive species, such as garlic mustard (Alliaria petiolata), 
buckthorn (Rhamnus spp.), and honeysuckle (Lonicera spp.).  
Managing for species with high conservation need caused by changes in habitat is a 
top priority for many land managers (U.S. Fish and Wildlife Service 2002, Rich et al. 2004).  
Finding ways to aid conservation planning for avian species at risk is of utmost importance to 
maintain stable populations within the Driftless Area.  Models have been a useful tool for 
managers to predict species distributions, identify suitable habitat, and estimate the effects of 
land use change (Thogmartin and Knutson 2007, Howell et al. 2008, Sauer et al. 2008).  Over 
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broad spatial scales, predictive modeling and mapping of avian abundance, has the potential 
to direct management efforts to areas where avian species are in greatest need of 
conservation (Thogmartin et al. 2004, Thogmartin and Knutson 2007). 
Given the potential of the Driftless Area in terms of avian conservation, there is an 
urgent need to develop strategies and best management practices that will ensure conditions 
capable of maintaining viable populations of forest bird species.  To do so will require 
quantifying changes in land use and land cover at multiple scales, then evaluating the impacts 
of such changes on forest birds.  
The primary goal of this study was to examine changes in forest bird communities 
over a relatively short period of time, and assess these changes in light of habitat alterations 
during this same period.  Specifically, I developed both local landscape and regional scale 
predictive models based on earlier surveys and evaluated these models with more recent data. 
The objective was to assess the reliability of theses models over time and to gain some 
understanding of the frequency with which surveys should be conducted.  Specific study 
objectives include; 1) establish a suite of forested study sites on public land using locations 
first surveyed by Norris (1999) in northeastern Iowa; 2) measure changes over time regarding 
shifts in the avian community and in forest structure/composition; 3) quantify the relationship 
between habitat use by forest birds and forest structure/composition; 4) quantify the influence 
of the surrounding landscape matrix on habitat use by forest birds once variation due to local 
habitat conditions has been explained; and 5) use recent data to evaluate  predictive models 
of occurrence based on surveys conducted by Norris (1999); and predictive models of 
abundances produced by Bayesian hierarchical models of the Wood Thrush (Hylocichla 
mustelina), and the Blue-winged Warbler (Verminvora pinus).  My goal is to provide land 
managers with information and tools to aid in management and conservation of forest bird 
communities and their associated forest habitat.  
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THESIS ORGANIZATION 
The organization of this thesis includes a general introduction, two papers written for 
submission into scientific journals, and a general conclusion.  Chapter 1 is the general 
introduction to my research conducted in the Driftless Area of the Midwestern United States.  
Chapter 2 examines the use of survey data to predict the response of forest birds to recent 
changes in land use and land cover.  Chapter 3 evaluates the use of regional landscape 
models to predict avian species abundance.  Chapter 4 contains the general conclusions of 
my thesis.  A revised version of the second and third chapters will be submitted for 
publication in the journal The Condor and the Journal of Biogeography respectively. 
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CHAPTER 2.    
USING RECENT CHANGES IN LAND USE AND LAND COVER TO 
PREDICT AVIAN SPECIES OCCURRENCE  
 
A paper to be submitted to the journal The Condor 
Jaymi J. LeBrun, James R. Miller and Anna Peterson 
ABSTRACT 
Open-canopy oak forests not cleared for agriculture rapidly shift to closed-canopy 
forests.  These changes have produced feedback loops that increasingly favor shade-tolerant 
tree species over fire-adapted species.  Studies observing changes from oak-to maple-
dominated forests have found decreased avian species richness and abundance.  The primary 
goal of this study was to examine changes in forest bird communities over a relatively short 
period of time, and assess these changes in light of habitat alterations during this same 
period.  We specifically used recent survey data to predict forest bird occurrences.  Point 
counts were conducted during the breeding season in 2006-07 at 49 survey stations that had 
been surveyed in 1995-96.  Local-habitat variables were measured within 50-m and land 
cover and land use variables were digitized (200-m, 1-km, and 6-km) for each period.  
Single-species logistic and autologistic models were created using the 1995-96 dataset.  
Using the 2006-07 dataset, models were evaluated using receiver operating characteristic 
(ROC) curves.  Predictive models performed best for species associated with open habitats 
and dense understories, suggesting that we have a relatively good understanding of their 
habitat requirements.  The inclusion of variables measured at relatively fine scales suggests 
that relying on remotely sensed imagery alone will not be sufficient to make predictions on 
species occurrences at the scales we studied. 
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INTRODUCTION  
Central hardwood forests in the United States have been profoundly affected by 
human activities for millennia.  As with disturbance generally, these human-caused changes 
are associated with characteristic spatial and temporal scales (Urban 1987).  
Over broad scales, presettlement fire regimes resulted in vast expanses of forests dominated 
by oak (Quercus), a genus that is not typically dominant in the absence of fire (Abrams 
1992).  Evidence suggests that Native Americans were the source of ignitions in the vast 
majority of cases (Gleason 1913).  Following settlement, fire virtually disappeared from this 
region with the loss of Native American ignitions, land-use conversion, fragmentation, and 
active suppression (Gleason 1913, Nuzzo 1985, Abrams 1992).  Open-canopy oak forests, 
where they had not been cleared for agriculture, rapidly shifted to closed-canopy forests 
(Loomis and McComb 1944, Cottam 1949, Anderson 1998).  These changes have produced 
feedback loops which increasingly favor shade-tolerant, mesophytic tree species at the 
expense of fire-adapted species (Nowacki and Abrams 2008).   
In addition to extensive species replacement in central hardwood forests stemming 
from fire suppression are shifts in forest structure and composition due to increased 
herbivory by white-tailed deer (Odocoileus virginianus).  Again, human actions have resulted 
in widespread habitat modification and fragmentation, as well as the extirpation of native 
predators.  Such changes have boosted deer populations to historically high densities and 
these populations have, in turn, limited recruitment of favored tree species (such as Quercus 
spp.) and have had substantial negative impacts on understory plants (Rooney and Waller 
2002).  Collectively, the impacts of fire suppression an altered trophic interactions over many 
decades have affected habitat for woodland birds in a profound way. 
Structural and compositional changes to forest habitat have also impacted birds.  
Studies observing changes from oak-to maple-dominated forests have found decreased 
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species richness and abundance for resident and long-distance migrants, woodpeckers, and 
bark-gleaners (Rodewald and Abrams 2002, Rodewald 2003).  Similar declines in avian 
abundance have been found when there is a shift in understory vegetation brought on by deer 
herbivory (McShea and Rappole 2000).  Once common in the Midwest, oak savannas have 
steadily decreased (Nuzzo 1986) and species associated with open-canopy oak forest for 
foraging and shelter (e.g. Red-headed Woodpecker; Melanerpes erythrocephalus) may 
experience population changes with the decline of this forest type (Rodewald 2003).   
Against this backdrop of broad-scale impacts on forest bird habitat that have occurred 
over many decades are more recent threats, such as exurban development and competition 
from invasive plants.  Research conducted by Friesen et al. (1995) and Friesen (1998) found 
that as urban development increased, avian abundance and richness declined.  Increased land 
clearing for agriculture and development have also made landscapes more susceptible to 
increasing pressures from the invasion of exotic plant species such as honeysuckle (Lonicera 
spp.) and buckthorn (Rhamnus  spp; Schmidt and Whelan 1999).  Studies of birds nesting in 
exotic shrubs were found to have higher rates of nest predation than in native vegetation 
(Schmidt and Whelan 1999, Borgmann and Rodewald 2004).  The impacts of a relatively 
recent invader, garlic mustard (Alliaria petiolata), and its effects on birds have received little 
attention to date, but the characteristic monotypic stands of this plant are known to alter soil 
processes and invertebrate communities (Rogers et al. 2008).  Although these factors are 
unlikely to result in changes in slow variables such as canopy composition, the impacts on 
fast variables, such as those associated with the forest understory, may be substantial over 
very short temporal scales. 
The primary goal of this study was to examine changes in forest bird communities 
over a relatively short period of time, and assess these changes in light of habitat alterations 
during this same period.  Specifically, we revisited a suite of forested sites in the Driftless 
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Area of the upper Midwest that were surveyed a decade earlier.  We quantified changes in 
habitat and landscape features during this period and used these measures to interpret shifts 
in avian community composition.  Finally, we developed predictive models based on the 
initial surveys and evaluated these models using our more recent data.  Here, our objective 
was to assess the reliability of such models over time and to gain some understanding of the 
frequency with which surveys should be conducted in this context. 
METHODS 
Study Area 
The Driftless Area, or Paleozoic Plateau, of the Midwestern United States 
encompasses parts of Illinois, Iowa, Minnesota and Wisconsin, and is bisected by the 
Mississippi River (Fig 1).  This region is characterized by rugged uplands and deeply cut 
valleys, and covers approximately 39,000 km².  It is so-named because it was once thought to 
have been unglaciated (Prior 1991, Dinsmore et al. 1984), although it is now known to have 
been covered by glaciers as recently as 500,000 years ago (Prior 1991, Pusateri et al. 1993).  
Iowa’s portion of the Driftless Area is composed of approximately 660,000 ha, of which 22.6 
% is in forest cover (Zohrer 2005).  
The topography of the Driftless Area varies greatly from cool north-facing slopes to 
steep dry hill prairies (Glenn-Lewin et al. 1984, Prior 1991).  Upland forests range in 
elevation from 200 to 350 m and are composed of sugar maple (Acer saccharum), hickory, 
American basswood (Tilia Americana.), red oak (Quercus rubra), white oak (Quercus alba), 
and pine (Pinus spp.; Cahayla-Wynne 1978, Glenn-Lewin et al. 1984, Leatherberry and 
Brand 2002).  Various management practices have been implemented on public lands in the 
Driftless Area, including timber harvest, prescribed fire, and invasive plant removal.     
  
 
12  
Since settlement, Iowa’s portion of the Driftless Area has changed substantially, with 
60.5 % being converted to agriculture, creating a highly fragmented landscape (Glenn-Lewin 
et al. 1984, Zohrer 2005).  In addition to forest loss and fragmentation, there has been a 
considerable decline in oak in recent years due to decreased tree removal and fewer 
prescribed fires, disease, and insect infestation (Leatherberry and Brand 2002).  Fire was an 
important factor in this area for oak regeneration, clearing the understory of competing 
species, particularly the more shade-tolerant, less fire-resistant maple species (Jungst et al. 
1998, Abrams 1992).  Fire suppression has led to an increase in understory vegetation and a 
shift from oak- to maple-dominant forests (Leatherberry and Brand 2002). 
 Study Design 
In the spring and summer of 2006 and 2007, we relocated nine study sites surveyed 
by Norris in 1995 and 1996 (Norris 1999).  These sites were situated on public land in 
northeastern Iowa and range in size from 85 to 2,100 ha (Fig 1).  At each site, we surveyed a 
subset of the stations used by Norris (1999).  We excluded stations occurring in floodplains 
and included only those stations that could be relocated with a fair measure of certainty on 
the basis of UTM coordinates, field markings, and field maps originally recorded during the 
surveys by Norris (1999).  All stations (n = 48) were digitized from topographic maps using 
GIS (Geographic Information System) and downloaded to GPS (Global Positioning System) 
receivers to aid in navigation during surveys.  All count stations were >250 m apart and >50 
m from the nearest forest edge.   
Local Habitat Variables 
We quantified vegetation characteristics within a 50-m radius of all count stations 
following the methods of Norris (1999).  Five 10-m radius subplots were established at each 
count station, with the first of these located at the station center and the remaining 4 located 
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30 m from the center in each of the four cardinal directions.  Within each subplot, the cover 
and composition of four vegetation strata (canopy, subcanopy, shrub, and herbaceous layers) 
were visually estimated.  We recorded the species and diameter at breast height (dbh) of the 
largest tree in each quadrant of the five subplots.  The percent canopy (trees with the majority 
of their foliage exposed to the sun) and subcanopy (woody plants ≥ 2 m high and beneath the 
canopy) were visually estimated using the following categories: 0-25%, 26-50%, 51-75% and 
76-100%.  We then estimated percent shrub (woody plants < 2 m high) and herbaceous plant 
cover in each of the subplots using the following categories: 0%, 1-10%, 11-25%, 26-50%, 
51-75% and 76-100%.  Composition for the canopy, subcanopy, and shrub layers were 
quantified for each species in a binary fashion: > 25% or < 25% of the total cover.  In the 
subplots, we also noted the total percent cover of species Norris (1999) used to indicate 
disturbance.  These included prickly ash (Zanthoxylum americanum), raspberry (Rubu spp.), 
gooseberry (Ribes spp.), honeysuckle, buckthorn, multiflora rose (Rosa multiflora), Japanese 
barberry (Berberis thunbergii), hawthorn (Crataegus spp), and honey locust (Gleditsia 
triacanthos).   
In addition to the vegetation features measured by Norris (1999), we quantified 
several additional local-habitat characteristics.  We measured total percent canopy cover in 
each of the four cardinal directions at the center of each subplot using a densiometer.  We 
estimated percent cover of garlic mustard, an invasive species that was not prevalent during 
Norris’ surveys (Norris 1999), in the subplots using the same six categories listed above for 
canopy, subcanopy, shrub, and herbaceous cover.  Using these same categories, we also 
estimated the percent cover of herbaceous plants, trees/saplings, leaf litter, bare ground, and 
dead wood within a 1-m² Daubenmire frame placed randomly in each of the four cardinal 
directions of the subplot.  Finally, we recorded the herbaceous species found in each of the 
Daubenmire plots.  
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Landscape Characteristics 
We quantified changes in landscape structure and composition since Norris’s surveys 
(1999) surrounding the count stations to help explain variations occurring in the bird 
community.  This was conducted at three spatial scales using grayscale orthophotos taken in 
the period 1991-1994 (1-m resolution, USDA NRCS) and natural-color orthophotos taken in 
2005 (1-m resolution, USDA-FSA National Agriculture Imagery Program).  Land cover at 
each spatial scale in each time period was digitized using a GIS (ArcGIS 9.2, Environmental 
Systems Research Institute, Redlands, CA).  To quantify landscape factors that most directly 
affect habitat use at finer scales, we categorized land cover within 200m of each station into 
six classes: deciduous forest, coniferous forest, open canopy, agriculture, percent open water, 
and percent built (Table 1).  To quantify land cover at broader scales, we first measured the 
percentage of forest and non-forest cover at successive 2-km intervals in radial bands 
extending from the count stations using data from 1992, as classified by the Iowa GAP 
Analysis Project (http://www.iowagap.iastate.edu/).  Among-station variance reached an 
asymptote at 6 km, indicating that beyond this distance there was little remaining variability 
in the proportion of these two cover classes (Haire et al. 2000, Dunford and Freemark 2004).  
We therefore used 6 km as our outer bound, but also quantified percent forest within 1km to 
serve as an intermediate measure.  In 2007, we ground-truthed these classifications and made 
corrections as necessary. 
Avian Surveys 
We conducted unlimited distance point counts at each station twice between May 30th 
and July 18th in 2006 and 2007 using standard point count methodology (Ralph et al. 1993, 
1995; Howe et al. 1997).  Surveys were conducted between sunrise and 1000 h, and no 
surveys were conducted during rainfall, high winds (>20 km/hr) or fog.  All counts were 
initiated immediately after the observer arrived at each station and continued for 10 min.  All 
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birds were identified visually and/or aurally; fly-overs were noted but not included in the 
final counts.  Prior to conducting surveys, all observers were trained for two weeks to 
identify avian species found in this area.  To reduce observer bias, the two surveys at a given 
station in each year were conducted by different observers. 
Statistical Analyses 
To examine the change in local habitat structure and composition since Norris’ 
surveys, we quantified the direction of change (increase or decrease) in percent composition 
of tree and shrub species using the Wilcoxon Sign-Rank test (Sprent and Smeeton 2004). 
This was quantified for all point-count stations between 1995-96 and 2006-07.  We 
conducted this test separately for tree and shrub species identified in the canopy, subcanopy, 
and understory layers.  
We quantified changes in overall avian community structure among the study sites 
over time using nonmetric multidimensional scaling (NMDS; Kruskal 1964), an 
unconstrained ordination technique.  NMDS is unconstrained in that the configuration of 
sites in the ordination plot is derived from the species abundance data at each site.  Points 
that are closer to one another in the plot are more similar with regard to species composition 
than those farther apart (McCune and Grace 2002).  
 The maximum number of individuals recorded on a single survey each year at a 
given site was used to estimate the relative abundance of each species at that site.  We 
excluded flyovers, nocturnal and crepuscular birds, aerial insectivores, raptors, upland game 
birds, shorebirds, and waterfowl because point counts are not considered an appropriate 
method for detecting theses species (Bibby et al. 1992).  To facilitate comparisons with the 
data collected by Norris (1999), we included only birds observed within 50 m of count 
stations.   
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We used the function “isoMDS” from the MASS library in R (R Development Core 
Team 2004) to conduct the NMDS.  Because this ordination is distance-based, we used the 
Bray-Curtis index (Bray and Curtis 1957, Faith et al. 1987) as our measure of ecological 
distance.  We used a random starting configuration and compared the stress among three 
dimensions.  Stress is the compromise between the ecological distance (the dissimilarity of 
species composition among sites) and the Euclidean distance (the actual distance between 
sites) of the ordination (McCune and Grace 2002).   
After conducting the NMDS, we overlaid environmental variables that we 
hypothesized might underlie the observed patterns using the “envfit” function from the 
Vegan Library in R (Dixon 2003).  This function generates vectors based on environmental 
variables identified a priori without changing the original ordination configuration of the 
plots.  Because we were interested in changes through time, we included ‘year’ in addition to 
categorical and continuous habitat variables.  We evaluated the statistical significance of the 
environmental variables based on 1000 permutations of the data. 
Because counts at a given point were typically low (1 or sometimes 2 individuals) for 
the majority of species, we also conducted a number of analyses using presence/absence data.  
We first tested whether the probability of occurrence for each species was the same between 
the 1995-96 and 2006-07 surveys by constructing a contingency table quantifying the number 
of presences and absences at stations during each period (Table 2).  The McNemar’s test 
statistic [(X12 - X22)2 / (X12 + X22)] was then used to test this hypothesis (Sprent and Smeeton 
2001, Gibbons and Chakraborti 2003).  Because McNemar’s test requires large values for 
(X12 + X22) to approximate the chi-square distribution, we performed a randomization test of 
McNemar’s test statistic keeping column and row means equal instead of assuming the Chi-
square approximation.   
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We developed predictive models for species occurrence using generalized linear 
models and presence/absence data (Proc Logistic, SAS Institute 2003) from the 1995-96 
surveys.  Models were created only for species occurring at >10% and <90% of the count 
stations.  We developed our initial models using combinations of local habitat variables 
selected a priori based on each species ecological and life-history traits.  We then added 
variables measured at the 200-m scale to see if the performance of local-habitat models was 
improved.  Next, we added the amount of forest cover at the 1-km and at 6-km scales, 
respectively.  To normalize the distributions of the proportional data all proportional 
variables were arcsine transformed prior to these analyses. 
We used Akaike Information Criterion (AIC) to assess model performance and 
ultimately to select the best competing models for each species.  Competing models 
comprised the model with the lowest AIC value, as well as models with ∆AIC < 2 (Burnham 
and Anderson 2002).  We also evaluated competing models using Akaiki weights, wi , which 
indicate the strength of evidence for the i model.  The
 
wi  is interpreted as the probability that 
model i is the best model in the set being considered (Burnham and Anderson 2002).  
Competing models for each species, included only models with wi  > 0.1 as plausible 
alternatives. 
It was possible that our data were autocorrelated.   Spatial autocorrelation violates the 
assumption of independence between observations at neighboring locations and it 
overestimates the influence environmental variables have on a species (Augustin et al 1996, 
Scott et al. 2002).  To determine if this was an issue, we calculated Moran’s I using R (R 
Program Development Group 2004) and the residuals from the “best” competing models for 
each species.  This allowed us to gauge the degree of autocorrelation in each model and 
identify the contributing sites (Legendre and Legendre 1998).  For species with 
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autocorrelated residuals, we grouped count stations by site and fit generalized linear models 
with a random intercept for each site (Proc Glimmix, SAS Institute 2003).   
We evaluated the ability of models to discriminate between presences and absences 
using data from the 2006-07 survey.  We computed Receiver Operating Characteristic (ROC) 
curves (Pearce and Ferrier 2000) for every candidate model for each species using R (R 
Development Core Team 2004).  Whereas traditional measures of model discrimination rely 
on an arbitrary value to translate predicted probabilities into presence and absence (typically 
0.5), ROC curves involve plotting each pair of true positive and false positive proportions for 
every possible value between 0 and 1 (Pearce and Ferrier 2000).  The area under the ROC 
curve (AUC) can be interpreted as the probability that a model will correctly discriminate a 
true presence and true absence drawn at random.  A value of 0.5 indicates model 
performance no better than random. 
RESULTS 
Habitat and landscape characteristics 
At the plot scale, we detected moderate decreases in canopy and subcanopy cover 
between the two survey periods, and increases in herbaceous cover and the cover of 
disturbance species (Table 3).  At the 200-m scale, there was a decline in canopy openings.  
Forest cover remained relatively constant at the 1- and 6-km scales (Table 3).  Although 
garlic mustard was virtually absent during the surveys in 1995-1996, it was detected at seven 
of the nine sites in 2006-2007, with increasing concentrations from north to south.  In 
particular, garlic mustard was detected at most of the points at the Paint Creek Unit of the 
Yellow River State Forest, and at Pikes Peak (Fig 1).  This invasive plant was detected at all 
count stations at White Pine Hollow, Ram Hollow, and Backbone State Park. 
The Wilcoxon Sign-Rank Test revealed significant increases for a number of tree 
species in the canopy between the 1995-96 and 2006-07 surveys.  These included sugar 
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maple, eastern red cedar (Juniperus virginiana), ironwood (Ostrya virginiana), and red oak 
(Table 4).  Several species declined in the subcanopy, including bur oak (Quercus 
macrocarpa), black walnut (Juglans nigra) and choke cherry (Prunus virginiana).  No 
species increased in the subcanopy or understory during this period (Table 4).  Several shrub 
species declined significantly in the subcanopy, particularly serviceberry (Amelanchier 
arborea), pagoda dogwood (Cornus alternifolia), and magnolia (Magnolia spp.).  Most 
species showed significant declines in the understory, with the exception of flowering 
dogwood (Cornus florida) and honeysuckle (Table 4). 
 
Avian surveys 
McCune and Grace (2002) recommend that a stress value between 10 and 20 is 
necessary to produce an NMDS ordination plot that can be reliably interpreted.  The stress 
for a 2-dimensional configuration of our data was 22.6.  A 3-dimensional configuration 
yielded a stress value of 12.8, and was thus considered the best representation of our data in 
the fewest dimensions.  Site scores were best explained and represented on NMDS axis1 and 
NMDS axis 2.  The 2006-07 survey sites were generally closer together in ordination space 
compared to the sites during 1995-96 survey, indicating that the bird species composition at 
these sites became more similar over the 10-year period (Figure 2).  The bird communities at 
Paint Creek and White Pine Hollow were fairly similar to one another and changed relatively 
little over time, whereas Ram Hollow showed the greatest temporal change in community 
structure.   
We found significant effects from six of the 12 environmental variables we examined 
(Table 5).  Similar to the results of the Wilcoxon test, the NMDS ordination revealed near 
opposite relationships between year and three environmental variables indicating decreases in 
percent canopy and subcanopy cover, as well as a decrease in open (canopy gaps) overtime 
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(Fig. 3).  The percentage of herbaceous and shrub cover at the 50-m scale and the amount of 
agriculture in the landscapes surrounding our sites experienced slight increases over the same 
period (Fig. 3).   
We detected 4737 individual birds and 48 species in 2006-2007.  Approximately half 
of these species showed relatively little change between the 1995-96 and the 2006-07 surveys 
in the percentage of count stations at which they were detected.  Despite declines in the 
number of points at which it was detected, the Blue-gray Gnatcatcher (Polioptila caerulea) 
accounted for the highest percentage of detections (8%) during the 2006-07 survey period up 
1% since 1995-96, followed by the Brown-headed Cowbird (Molothrus ater; 7% down 1%), 
Ovenbird (Seiurus aurocapilla; 7% up 3%), White-breasted Nuthatch (Sitta carolinensis; 7% 
up 3%), American Goldfinch (Carduelis tristis; 6% up 4%), and the Eastern Wood-Pewee 
(Contopus virens; remained at 6%). 
McNemar tests showed significant changes for 13 species at the scale of individual 
count stations (Table 6), including one Continental Concern Species – the Blue-winged 
Warbler (Vermivora pinus), a species associated with early successional and relatively open 
habitats, and that is a foliage gleaner (Gill et al. 2001, Askins et al. 2007; Table 7).  
Continental Concern (CC) Species are Partners in Flight Continental Watch List species with 
populations that are small, declining, and have limited distributions within the United States 
and Canada (Rich et al. 2004).  Other species exhibiting slight declines, but considered 
relatively stable regionally include the Eastern Towhee (Pipilo erythrophthalmus), which is 
also associated with edge and open habitats and gleans from the ground and low vegetation 
(Greenlaw 1996) and the Cerulean Warbler (Dendroica cerulea), a foliage gleaner associated 
with mature stands and typically found high in the canopy, declined by a third of the number 
of points at which it occurred.  At the site scale, however, only one species experienced 
significant change, a decline in the probability of occupancy for the Baltimore Oriole (Icterus 
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galbula).  This species is a foliage gleaner and tends to be associated with edge habitats and 
open woodlands (Rising and Flood 1998) and is considered relatively stable within the 
Driftless Area (Table 6; Sauer et al. 2008).  Another species, the Red-headed Woodpecker, a 
bark gleaner sensitive to loss of open woodlands was not detected at any of our count 
stations; however, it was not detected in any significant abundance during the 1995-96 
surveys.  
Not all species followed these trends, however.  Contrary to regional data, three 
species exhibited slight increases in the number of points at which they were detected.  These 
three species include the Acadian Flycatcher (Empidonax virescens), a foliage gleaner that 
nests in the subcanopy, the Wood Thrush (Hylocichla mustelina), a shrub nesting ground 
forager, and the Veery, a species that forages on the ground or gleans from low vegetation.  
The latter two may have benefited from increases in shrub cover between the two survey 
periods. 
 
Single-species models 
Thirty-three species met our criteria for inclusion in logistic regression models.  Of 
these, models for 17 species performed better than an intercept-only model (Table 8), 
including two CC species (e.g. Blue-winged Warbler and Cerulean Warbler) for the United 
States and Canada.  Spatial autocorrelation was detected for 10 of the 17 species and all but 
one, the White-breasted Nuthatch, had relative abundances ≤ 0.03. 
Overall, the majority of the species with models that performed better than the 
intercept-only were able to predict better than chance (AUC > 0.05).  Competing models for 
the Acadian Flycatcher were moderately weak, AUC values between 0.59 and 0.61, in terms 
of predictive ability and all included a positive relationship with shrub cover at local scales 
and a negative relationship with conifers at the 200-m scale (Table 8).  Models for the Blue-
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winged Warbler had very strong predictive ability (AUC = 0.90-0.91) and all included a 
positive term for shrub cover and a negative term for open canopy at the 200-m scale.  
Models for the Cerulean Warbler were moderately weak (AUC = 0.52-0.62) and all included 
a negative term for canopy cover at local scales; contrary to expectations, one model 
included a negative term for the amount of deciduous forest at the 200-m scale and a negative 
term for forest cover at the 6-km scale.  Two models for the Eastern Towhee had strong 
(AUC = 0.76-0.78) predictive ability and both included a negative term for shrub cover at 
local scales and revealed a negative relationship with open canopy at the 200-m scale.  
Models for the Veery (Catharus fuscescens) were moderately strong (AUC = 0.60-0.70) and 
all included a negative term for tree diameter and a positive term for shrub cover at the 50-m 
scale.  Other species with moderately strong to strong predictive models included the Blue-
gray Gnatcatcher (AUC = 0.51-0.62), Great-crested Flycatcher (Myiarchus crinitus; AUC = 
0.81-0.84), Gray Catbird (Dumetella carolinensis; AUC = 0.81-0.84), Northern Cardinal 
(Cardinalis cardinalis; AUC = 0.62-0.72), and White-breasted Nuthatch (AUC = 0.57-0.67). 
DISCUSSION 
In general, patterns of oak decline and a failure for oaks to regenerate are reflected in 
this study.  This may be a cause for concern for sustaining avian populations associated with 
oak.  Oaks were virtually absent from the understory at our count stations, as were a number 
of other species characteristic of these forests.  This pattern is likely the result of decreased 
fire (Abrams 1992, Lorimer 2001), which has facilitated increases in more shade-tolerant 
species such as sugar maple and ironwood, and browsing by deer (Waller and Alverson 1997, 
Rooney and Waller 2002, Horsley 2003).  Habitat modification and fragmentation, as well as 
the extirpation of native predators have increased deer populations which in turn have 
increased browsing pressures on favored food sources such as oaks (Rooney and Waller 
2002).  Herbivory may also account for the increase in ‘disturbance’ species, including 
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numerous plants with defense mechanisms that discourage browsing.  Woodpeckers and 
species that glean insects from bark, foliage, or on the ground are thought to be most 
sensitive to these shifts in tree and shrub composition (Rodewald and Abrams 2002, 
Rodewald 2003).   
Overall, at the site level avian communities are becoming more similar over the 10-
year period.  At the scale of individual count stations we observed numerous species decline 
in occurrence, including several woodpecker species (Pileated Woodpecker, Dryocopus 
pileatus, and Red-bellied Woodpecker, Melanerpes carolinus), and a number of ground and 
foliage gleaners.  This follows patterns seen in regional BBS counts (Sauer et al. 2008) and 
coincides with vegetation changes surrounding the count stations.  Many of these species also 
tend to be associated with edge habitats and open woodlands.  The relatively constant amount 
of forest in the landscapes surrounding our sites coupled with increases in agriculture may 
indicate that transition zones between forests and fields have been converted to crops, and 
together with decreases in canopy openings may be adversely affecting these species.  
Species that nest low in vegetation or on the ground (i.e. Ovenbird and Eastern 
Towhee) could be expected to respond adversely to declines in understory species and 
increases in ‘disturbance’ species, and possibly to increases in garlic mustard – either 
indirectly through trophic interactions or directly through changes in nesting habitat.  There 
were slight decreases in the percentage of points that the Ovenbird and Eastern Towhee were 
observed.  However, since garlic mustard is a recent invader, the effects on forest birds may 
be delayed and we may not observe the full impact of this change for sometime.  
Our predictive models performed best for avian species associated with open habitats 
and shrubby understories (i.e. Blue-winged Warbler, Northern Cardinal and Gray Catbird), 
suggesting we were able to determine, a priori, their preferred habitats.  Some models, for 
example the Blue-winged Warbler and Eastern Towhee, had very strong predictive ability, 
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but included an unexpected negative terms for open canopy at the 200-m scale.  Askins et al. 
(2007) found that areas with low vegetation and few trees was a better predictor of preferred 
Blue-winged Warbler breeding habitat than large forest openings.  Other research suggests 
that Blue-winged Warblers avoid open areas with extensive edge and are more abundant in 
areas with larger patches of shrubland (Rodewald and Vitz 2005).  This may suggest that 
measuring open canopy at coarser scales may be more appropriate for this species.   
Several species associated with mature deciduous forest had models that performed 
well.  Predictive models for the Veery, which include a negative term for tree diameter and 
positive term for shrub cover, follow patterns already observed for this species (Bevier et al. 
2005).  Also, species generally associated with large tracts of forest, for example the Veery 
and Cerulean Warbler, exhibited negative relationships with forest cover at the 1 and 6-km 
scales.  This is an indication that we may not fully understand the effects of historically 
fragmented landscapes and further investigation is necessary.  
Habitat generalists, like the American Robin (Turdus migratorius) and American 
Goldfinch, exhibited poor model performance.  Also, species models relying solely on 
landscape variables (i.e. Eastern Wood-Pewee) performed poorly.  Overall, species with a 
combination of both local and landscape variables performed the best.  Nonetheless, the 
inclusion of variables measured at relatively fine scales across a suite of species suggests that 
relying on remotely sensed imagery alone will not be sufficient in determining preferred 
habitat.   
There are several reasons that could help explain poor model performance. First we 
must consider that all relevant variables were not quantified for each species.  An example of 
this can be seen in models created for the Ovenbird.  Research suggests that Ovenbirds 
exhibit strong relationships with litter depth (Mattsson and Niemi 2006), but we did not 
include this variable since it was not measured during the previous survey period.  However, 
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some species may not require detailed information of vegetation structure (Dettmers and Bart 
1999); for instance, the Gray Catbird and the Northern Cardinal.  Both of these species 
models performed best with habitat variables at coarser scales.  
Overall, we were able use recent changes in habitat to predict the occurrence of 
species associated with open habitats and dense understories.  Species associated with those 
areas are more likely to be impacted by fast variables, such as shrub and herbaceous cover.  
Therefore, changes occurring in relatively short periods of time can be used to predict species 
most likely to be impacted by changes at relatively fine scales.          
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TABLES AND FIGURES 
Table 1. Land-cover classes used to characterize the landscapes surrounding point count 
stations in northeastern Iowa’s Driftless Area for 1995-06 and 2006-07 surveys. 
Cover Classes Description 
200-m Scale  
Deciduous forest Closed forests consisting primarily of broad-leaved 
deciduous tree species (e.g. oak, hickory, maple, and 
basswood). 
Coniferous forest Closed forests consisting primarily of evergreen trees (e.g. 
pine and cedar plantations). 
Canopy openings Gaps in the forest canopy created by natural tree falls, 
primitive roads and trails (this also may include areas clear-
cut for forest management). 
Agriculture Areas of row crops (e.g. corn and small grains), pasture, hay 
fields and old fields (this includes transition areas between 
forest and grasslands). 
Open water Includes areas of water open to the sky (e.g. large rivers, 
lakes and ponds). 
Built areas Includes any area subject to intensive human alterations, 
potentially covered by human structures (e.g. buildings, 
paved roads, quarries, and forest cleared for development). 
  
1- and 6-km Scales  
Forest Closed forest consisting of both deciduous and coniferous 
forest. 
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Table 2. Contingency table used to test if the probability of occurrence for each species at N 
count stations was the same between 1995-96 and 2006-07 surveys.  X11 is the number of 
stations where species X was present in both surveys, X22 is the number of stations where the 
species was absent in both surveys, X12 is the number of stations where the species was 
present in 1995-96 but absent in 2006-07, and X21 is the number of stations where the species 
was absent in 1995-96 but present in 2006-07.   Let N be the number of location points.  
Here, θX11, θ X12, θ X21, θ X22 denote the unknown cell probabilities for the table with the sum 
of these probabilities equal to 1.  The sum θ
 X1. = θ X11 +  θ X12 is the marginal probability of a 
presence of species X in 1995-96 survey and θ
 X.1 = θ X11 +  θ X21 is the marginal probability 
of a presence of species X in year for the 2006-07 survey.  Our null hypothesis was that H0: θ 
X1. = θ X.1 which is equivalent to θ X12 = θ X21.   
 2006-07 Survey   
1995-96 Survey  Presence Absence Total 
Presence  X11 X12 X11 + X12 = X1. 
Absence X21 X22 X21 + X22 = X2. 
Total  X11 + X21  = X.1  X12 + X22 = X.2 N 
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Table 3. The maximum, minimum, and mean values for each habitat feature at local and 
landscape scales during 1995-06 and 2006-07 surveys.  See METHODS Local-scale 
vegetation measures and Table 1 for variable definitions.  Ordinal data have been back-
transformed to percentages, using the mid-point of a range.  No data collected is signified by 
‘nd’. 
 1995-96 Survey 2006-07 Survey  
Habitat Feature Max Min Mean Max Min Mean 
50-m Scale       
    Percent canopy cover 88 22 68 88 16 46 
    Percent subcanopy cover 88 22 67 71 18 41 
    Percent shrub cover 48 0 10 68 1 10 
    Percent herbaceous cover 45 1 8 63 6 22 
    Percent cover of   
disturbance species 
38 0 1 43 0 8 
    Percent canopy cover (plot 
center) 
nd nd nd 100 79 97 
    Percent garlic mustard nd nd nd 63 0 10 
    Percent herbaceous cover 
(Daubenmire) 
nd nd nd 64 7 33 
    Percent trees/saplings nd nd nd 4 0 1 
    Percent leaf litter nd nd nd 67 14 37 
    Percent bare ground nd nd nd 49 2 18 
    Percent dead wood nd nd nd 19 3 10 
       
200-m Scale       
    Percent deciduous forest 100 52 89 100 56 90 
    Percent coniferous forest 47 0 3 41 0 3 
    Percent canopy openings 20 0 4 10 0 1 
    Percent agriculture 34 0 3 35 0 3 
    Percent open water 40 0 2 40 0 2 
    Percent built area 10 0 1 11 0 1 
       
1-km Scale       
    forest cover 94 52 75 97 53 79 
       
6-km Scale       
    forest cover 53 16 37 58 17 40 
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Table 4. Change in tree species composition in the canopy, subcanopy and understory between 1995-06 and 2006-07 using the 
Wilcoxon Sign-Rank test.  Directions of change for tree and shrub species are included for species with p-values ≤ 0.05 in each 
layer.  Defined layers include; canopy (all tree species with the majority of their foliage exposed to the sun), subcanopy (all 
species of trees ≥ 2m high and beneath the canopy), and understory (all saplings < 2m high).  The absence of a given species from 
a given vegetation layer is indicated by ‘NA’. 
 
    Canopy Subcanopy Understory 
Common Name Scientific Name p-value Change p-value Change p-value Change 
Boxelder Acer negundo 1.00 
 
0.97 
 
0.02 - 
Sugar Maple Acer saccharum 0.02 + 0.35  0.72  
American Hornbeam Carpinus caroliniana NA 
 
0.17 
 
0.02 - 
Bitternut Hickory Carya cordiformis 0.86 
 
0.62 
 
0.01 - 
Ash spp. Fraxinus spp. 0.98 
 
0.20 
 
0.00 - 
Black Walnut Juglans nigra 0.82 
 
0.04 - 0.00 - 
Eastern Red Cedar Juniperus virginiana 0.03 + 0.96  0.33  
Ironwood Ostrya virginiana 0.01 + 0.92  0.61  
Choke cherry Prunus virginiana NA 
 
0.00 - 0.00 - 
White Oak Quercus alba 0.06 
 
0.50 
 
0.00 - 
Bur Oak Quercus macrocarpa 0.85 
 
0.00 - NA  
Red Oak Quercus rubra 0.00 + 0.62  0.00 - 
Basswood Tilia americana 0.86 
 
0.51  0.00 - 
Elm  spp. Ulmus spp. 0.06 
 
0.74  0.00 - 
Serviceberry Amelanchier arborea NA  0.02 - 0.00 - 
American Bittersweet Celastrus scandens NA  NA 
 
0.00 - 
Pagoda Dogwood Cornus alternifolia NA   0.01 - 0.00 - 
  
 
 
37 
Table 4. (continued) 
    Canopy Subcanopy Understory 
Common Name Scientific Name p-value Change p-value Change p-value Change 
Flowering Dogwood Cornus florida NA  NA 
 
0.02 + 
Red Osier Dogwood Cornus rugosa NA  0.10 
 
0.01 - 
Burning Bush Euonymus alata NA  NA 
 
0.02 - 
Witch Hazel Hamamelis virginiana NA  0.16 
 
0.02 - 
Honeysuckle Lonicera spp. NA  0.16 
 
0.96 
 
Magnolia spp. Magnolia spp. NA  0.04 - NA  
Multiflora Rose Rosa multiflora NA  NA  0.02 - 
Raspberries Rubus spp. NA  NA  0.02 - 
Common Elder Sambucus canadensis NA  NA  0.01 - 
American Bladdernut Staphylea trifolia NA  0.08  0.04 - 
Nannyberry Viburnum lentago NA  0.17  0.02 - 
Viburnum spp. Viburnum spp. NA   NA   0.00 - 
 
 
 
  
 
38  
Table 5. Results of goodness-of-fit tests and p-values based on permutations (n=1000) for 
environmental variables and NMDS axes. 
Variables NMDS1 NMDS2 NMDS3 r² p-value 
Canopy Cover -0.48 0.52 -0.74 0.54 0.009 
Subcanopy Cover 0.06 0.22 -0.97 0.40 0.067 
Shrub Cover 0.89 0.20 0.41 0.61 0.004 
Herb Cover 0.42 0.25 0.87 0.54 0.011 
Agriculture 0.51 -0.06 0.86 0.67 <0.001 
Open Canopy 0.53 0.57 -0.63 0.50 0.017 
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Table 6. Species lost and gained between 1995-96 and 2006-07 at nine sites in the Driftless Area of northeastern Iowa.  McNemar 
tests were conducted on presence/absences of species at the site scale and at the scale of individual count stations.  Only species 
experiencing statistically significant change (p-values ≤ 0.05) at the site- or station-scale have been included. Regional trend 
indicate the direction of the trend exhibited by the individual species within the Driftless Area region (S = stable, I = increase, D = 
decrease). 
 
a
 Information taken from Breeding Bird Survey Data collected within the Driftless Area (Sauer et al. 2008).
Common Name 
Site Station 
  
p-value          
Change 
p-value           
Change 
Regional 
Trenda 
American Goldfinch 1  0.018 - S 
Baltimore Oriole 0.008 - 0 - S 
Blue Jay 0.5  0 + S 
Blue-winged Warbler 0.508  0.011 - S 
Great Crested Flycatcher 0.988  0.012 - S 
House Wren 0.64  0.044 - I 
Indigo Bunting 0.988  0.01 - S 
Pileated Woodpecker 0.129  0.006 - I 
Red-bellied Woodpecker 1  0.002 - I 
Rose-breasted Grosbeak 0.252  0.019 - I 
Ruby-throated Hummingbird 0.368  0.046 + I 
Warbling Vireo 0.127  0.034 - S 
Yellow Warbler 0.063   0.035 - I 
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Table 7. Continental Stewardship Species in the Driftless Area of northeastern Iowa and their Partners-In-Flight (PIF) combined 
assessment scores.  
Common Name Scientific Name PIF Score1 CWLS2 CC3 RC4 
Acadian Flycatcher Empidonax virenscens 12   Y 
Blue-winged Warbler Verminvora pinus 15 Y Y  
Cerulean Warbler Dendroica cerulean 16 Y Y Y 
Eastern Towhee Pipilo erythrophthalmus 11    
Eastern Wood-Pewee Contopus virens 10    
Indigo Bunting Passerina cyanea 11    
Kentucky Warbler Oporornis formosus 14 Y   
Least Flycatcher Empidonaz minimus 11    
Louisiana Waterthrush Seiurus motacilla 13    
Ovenbird Seiurus aurocapilla 10    
Red-bellied Woodpecker Melanerpes carolinus 9    
Red-headed Woodpecker Melanerpes erythrocephalus 13 Y Y Y 
Veery Catharus fuscescens 11   Y 
Wood Thrush Hylocichla mustelina 14 Y Y  
Worm-eating Warbler Helmitheros vermivorum 14 Y   
Yellow-bellied Sapsucker Syphyrapicus varius 9       
1The combined score can range from 4 for a widespread, relatively secure species to 20 for a species of the very highest concern 
(Rich et al. 2004). 
CWLS2 Continental Watch List Species 
CC3 Continental Concern Species 
RC4 Regional Concern Species
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Table 8. Results of logistic regression analyses of bird species distributions. 
Species Candidate Models ∆AIC w AUC 
Acadian Flycatcher* +Shrub -Conif 0.00 0.39 0.61 
 +Shrub  -Conif  +6kmFor 1.79 0.16 0.61 
 +Shrub  -Conif  +Open 1.93 0.15 0.60 
 +Shrub  -Conif  +Decid 1.97 0.15 0.58 
 +Shrub  -Conif  +1kmFor 1.99 0.15 0.59 
American Robin -Subcanopy  +Decid  +1kmFor 0.00 0.50 0.39 
 -Subcanopy  +Decid  +1kmFor  -6kmFor 0.02 0.50 0.45 
Blue-gray Gnatcatcher +Subcanopy  -6kmFor 0.00 0.39 0.57 
 +Subcanopy 0.82 0.26 0.51 
 +Canopy  +Subcanopy 1.41 0.19 0.62 
 +Subcanopy  -Open  +6kmFor 1.92 0.15 0.57 
Blue-winged Warbler* +Shrub  -Open  -Built  +Water  -6kmFor 0.00 0.56 0.90 
 +Shrub  -Herb  -Open  -Built  +Water  -1kmFor  -6kmFor 1.81 0.23 0.91 
 +Shrub  -Open  -Built  +Water  -1kmFor  -6kmFor 2.00 0.21 0.90 
Cerulean Warbler* -Canopy  -Open  +Water 0.00 0.26 0.52 
 -Canopy  -Open  +Water  -6kmFor 0.60 0.19 0.58 
 -Canopy  +Water 0.82 0.17 0.58 
 -Canopy  -Open  -Decid 1.37 0.13 0.59 
 -Canopy 1.44 0.13 0.62 
 -Canopy  -Open 1.51 0.12 0.56 
Eastern Towhee* -Shrub  -Open  -6km 0.00 0.68 0.76 
 -Shrub  -Open  -1kmFor  -6kmFor 1.55 0.32 0.78 
Eastern Wood-Pewee -Open 0.00 0.39 0.22 
 -Open  -1kmFor 0.30 0.33 0.54 
  -Decid  -Open 0.65 0.28 0.53 
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Table 8. (continued) 
Species Candidate Models ∆AIC w AUC 
Great Crested Flycatcher* +Decid 0.00 0.58 0.61 
 -Open 0.63 0.42 0.57 
Gray Catbird -Shrub  -Agric  -Built 0.00 0.44 0.82 
 -Shrub  -Agric  -Built  +1kmFor 1.49 0.21 0.84 
 -Shrub  -Agric  -Built  -6kmFor 1.78 0.18 0.81 
 -Shrub  -Agric  -Built  +Open   1.97 0.17 0.82 
House Wren* +Canopy  -1kmFor 0.00 0.53 0.51 
 +Canopy  -1kmFor  -6kmFor 1.55 0.24 0.52 
 +Canopy 1.72 0.22 0.48 
Indigo Bunting -Herb  +Decid  +Open  -1kmFor  -6kmFor 0.00 1.00 0.56 
Northern Cardinal* +Agric  -Open  +6kmFor 0.00 0.43 0.72 
 +Agric  -Open 0.33 0.37 0.62 
 +Agric 1.58 0.20 0.62 
Ovenbird -Canopy  -1kmFor 0.00 0.70 0.51 
 -Canopy  -1kmFor  +6kmFor 1.66 0.30 0.48 
Rose-breasted Grosbeak +Canopy  -Open  -6kmFor 0.00 0.45 0.56 
 +Canopy  -Open 1.61 0.20 0.37 
 +Canopy 1.83 0.18 0.31 
 +Canopy  -Shrub 1.87 0.18 0.39 
Veery* -DBH  +Shrub 0.00 0.40 0.68 
 -DBH  +Shrub  -1kmFor 1.20 0.22 0.69 
 -DBH  +Shrub  -Built 1.28 0.21 0.70 
  -DBH  +Shrub  -Decid 1.59 0.18 0.68 
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Table 8. (continued) 
Species Candidate Models ∆AIC w AUC 
White-breasted Nuthatch* +Canopy  +Built  +Decid   0.00 0.28 0.60 
 +Canopy  +Built 0.17 0.26 0.58 
 +Canopy  +Built  +Decid  -6kmFor 0.78 0.19 0.67 
 +Canopy  +Built  +Decid  -1kmFor 1.24 0.15 0.67 
 +Canopy 1.76 0.12 0.57 
Yellow-bellied Sapsucker* -Shrub  +Decid  +Water  -1kmFor 0.00 0.52 0.38 
  -Shrub  +Decid  +Water  -1kmFor  -6kmFor 0.18 0.48 0.41 
* Species with models adjusted for spatial autocorrelation
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FIGURE LEGENDS 
Figure 1. Map of the Driftless Area of the Midwestern United States (inset) and the Iowa 
study sites surveyed in 1995-96 by Norris (1999) and again in 2006-07.  The Driftless Area 
encompasses parts of southeastern Minnesota, southwestern Wisconsin, northwestern 
Illinois, and northeastern Iowa. 
 
Figure 2. Nonmetric multidimensional scaling ordination showing correlations between 
significant habitat variables and nine study sites surveyed during the breeding seasons of 
1996-97 and 2006-07 in the Driftless Area of Northeastern Iowa.  Lower case letters 
represent sites surveyed by Norris in 1995-96 and upper case letters represent the same sites 
surveyed in 2006-07.  Arrows represent change in species composition between the two 
survey periods conducted at each site.  Sites and corresponding letters are as follows: Iverson 
Bottoms (a, A), Fish Farm Mounds (b, B), Clear Creek (c, C), Pikes Peak (d, D), Ram 
Hollow (e, E), Backbone State Park (f, F), White Pine Hollow (g, G), Bloody Run (h, H), 
Yellow River State Forest, Paint Creek Unit (i, I). Figure 2(A) represents NMDS axes 1 & 2 
and Figure 2(B) represents NMDS axes 1 & 3. 
 
Figure 3. Nonmetric multidimensional scaling ordination showing correlations between 
habitat variables and nine study sites surveyed during the breeding seasons of 1996-97 and 
2006-07 in the Driftless Area of Northeastern Iowa.  Environmental variable arrows indicate 
direction and relative correlations with underlying sites.  Lower case letters represent sites 
surveyed by Norris in 1995-96 and upper case letters represent the same sites surveyed in 
2006-07.   Sites and corresponding letters are as follows: Iverson Bottoms (a, A), Fish Farm 
Mounds (b, B), Clear Creek (c, C), Pikes Peak (d, D), Ram Hollow (e, E), Backbone State 
Park (f, F), White Pine Hollow (g, G), Bloody Run (h, H), Yellow River State Forest, Paint 
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Creek Unit (i, I).  Figure 2(A) represents NMDS axes 1 & 2 and Figure 2(B) represents 
NMDS axes 1 & 3. 
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 Figure 1 
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Figure 2 
             (A)             (B) 
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Figure 3 
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CHAPTER 3. 
EVALUATING THE USE OF REGIONAL LANDSCAPE MODELS FOR 
PREDICTING AVIAN ABUNDANCE  
 
A paper to be submitted to the Journal of Biogeography 
Jaymi J. LeBrun, James R. Miller and Wayne E. Thogmartin 
ABSTRACT 
Spatial modeling over broad scales has the potential to direct conservation efforts to 
areas with the highest abundance of species of greatest conservation need.  Habitat modeling 
is exhibiting increasing emphasis on modeling large geographic areas using hierarchical 
modeling techniques.  In this paper, we examine the performance of regional models in terms 
of their ability to predict bird abundance at the scale of the management unit.  Specifically, 
use point count data to evaluate predicted abundances produced by Bayesian hierarchical 
models of the Wood Thrush (Hylocichla mustelina) and the Blue-winged Warbler 
(Verminvora pinus) during two time periods.  We used an existing hierarchical model for the 
Wood Thrush and developed a new model for the Blue-winged Warbler using methods 
developed by Thogmartin et al. (2004).  This modeling approach relies on count data from 
the North American Breeding Bird Survey (NABBS) and National Land Cover Data (NLCD) 
for model construction.  We used 2071 bird counts collected within Bird Conservation 
Region 23 (BCR 23) for the response variable in the Blue-winged Warbler models.  Global 
models were created for each of the species at 800, 8000, and ~80000 ha scales.  We 
collected independent data to evaluate the model by conducting unlimited distance point 
counts at 131 public and private sites during the breeding seasons of 1995-96 in Iowa, 1997-
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98 in Minnesota and 2006-07 in Iowa and Minnesota.  Blue-winged Warbler models 
exhibited positive associations with percent forest at all scales, but strongest at the 
intermediate scale.  Despite the low abundances of the Blue-winged Warbler, the overall 
model performed moderately well at predicting abundances over the entire BCR 23.  
However, in comparison to the Wood Thrush, Blue-winged Warbler models were poor 
predictors of abundance at the scale of the management unit.   
INTRODUCTION 
In the Midwest over 99% of the presettlment savanna and woodlands have been lost 
or degraded (Nuzzo 1985) and the remaining remnants are susceptible to alteration by both 
within-stand dynamics and human-caused changes in the surrounding landscape.  Studies 
suggest that forest birds may be adversely affected by these changes occurring on their 
breeding grounds (Peterjohn and Sauer 1994, Friesen et al. 1995, Friesen 1998, Rodewald 
and Abrams 2002, Rodewald 2003).  Finding ways to inform conservation planning for 
species at risk is of utmost importance to ensure their persistence.  Spatial modeling over 
broad scales has the potential to direct conservation efforts to areas where species of greatest 
need occur in greatest abundance (Thogmartin et al. 2004, Thogmartin and Knutson 2007). 
Broad-scale spatial models have been used for predicting species distributions, 
identifying suitable habitat, and estimating the effects of land use change (Thogmartin and 
Knutson 2007, Howell et al. 2008, Sauer et al. 2008b).  Habitat associations are often 
measured at finer resolutions and assumed to hold over broader scales (Thogmartin and 
Knutson 2007).  Yet habitat associations for at least some species appear to change with 
spatial scale, making extrapolation to broader landscapes difficult (Wiens et al. 1987, 
Thogmartin 2007).  To address this issue, predictive models are constructed across multiple 
scales (Piorecky and Prescott 2006, Jewell et al. 2007, Rodriguez-Estrella 2007, Vernier et al. 
2008). 
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One form of predictive modeling that has become increasingly popular in recent years 
involves the use of hierarchical techniques over regional scales (Link et al 2002, Link and 
Sauer 2002, Howell et al. 2008, Murray et al. 2008, Sauer et al. 2008b).  The advantages of 
this approach include the ability to account for variation among years, observers, and 
locations, and spatial and temporal correlations within the data using Bayesian techniques 
(Link et al. 2002, Thogmartin 2004, Thogmartin et al. 2006).  These models incorporate 
hierarchical modeling techniques by nesting observers within routes over time and by 
assessing, over multiple spatial scales, the relationship between environmental variables and 
bird counts (Thogmartin and Knutson 2007).  
In this paper, we examine the performance of regional models in terms of their ability 
to predict the relative abundance of avian species of conservation concern.  We focus our 
evaluation efforts at the scale of management units in our study area.  Because model 
predictions in some ways represent a snap shot in time, it is important to know how long the 
predictions are valid given the dynamic nature of forest ecosystems.  Further, the ‘shelf life’ 
of model predictions likely varies among species as a function of the rates of change that 
characterize habitat features with which they are associated.  Specifically, we use point count 
data to evaluate the predicted distributions of a species associated with forest interiors, the 
Wood Thrush (Hylocichla mustelina), and a species associated with forest transition zones, 
the Blue-winged Warbler (Verminvora pinus). We examine model performance using field 
data collected both during model development and one decade later.   
METHODS 
Study Area 
The study area used for the Bayesian hierarchical models includes portions of 
Minnesota, Iowa, Wisconsin, Illinois, Indiana, and Michigan within the Prairie-Hardwood 
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Transition (i.e., North American Bird Conservation Initiative Bird Conservation Region 23; 
Fig. 1; U.S. North American Bird Conservation Committee 2000).  Bird Conservation 
Region 23 (BCR23) is characterized by hardwood forest, tall-grass prairie, and oak savanna 
(U.S. NABCI Committee 2000, Nuzzo 1986).  This region covers approximately 230,000 
km2 and consists primarily of row crop agriculture (36%), deciduous forest (21%) and 
grasslands (27%; Thogmartin et al. 2006). 
 
Regional Hierarchical Model 
We used Bayesian hierarchical spatial count models to predict abundance of two 
high-priority species, that were chosen based on their abundance, breeding distributions, and 
population trends in North America (Knutson et al. 2001, Rich et al. 2004).  We focused on a 
shrub-forest species, the Blue-winged Warbler (Vermivora pinus), and a forest species, the 
Wood Thrush (Hylocichla mustelina).  These particular species were chosen because of their 
sensitivity to vegetation changes occurring within BCR 23 and their overall conservation 
status as species of Continental Concern (Rich et al. 2004). 
We used an existing model for the Wood Thrush (Thogmartin and Knutson 2007) and 
developed a new model for the Blue-winged Warbler using methods developed by 
Thogmartin et al. (2004).  This modeling approach relies on count data from the North 
American Breeding Bird Survey (NABBS) and National Land Cover Data (NLCD) for 
model construction.  We used 2071 bird counts collected within BCR 23 for the response 
variable in the Blue-winged Warbler models.  These 2071 counts were conducted over a 20-
year period between 1981 and 2001 by 239 observers over 117 routes.   
We chose environmental covariates a priori that may be associated with the 
abundance of the two focal species from a list of 80 potential variables (Thogmartin et al. 
2004), with our selections based on a review of the literature.  We quantified land-cover 
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variables (e.g. forest, shrub, barren, urban, row crop, and grassland) for BCR 23 using 1992 
NLCD (Vogelmann et al. 2001).  Of our six explanatory variables for the Blue-winged 
Warbler hierarchical models, two were correlated (e.g. forest edge and forest patch area).  
Habitat fragmentation affects both the amount and arrangement of the habitat (Villard et al. 
1999, Rodewald 2003, Betts et al. 2006).  To differentiate between the effects of forest 
configuration and forest composition, we used the residuals from a regression of forest patch 
area against percent forest and forest edge against percent forest for the model covariates.   
The environmental covariates, and five non-habitat variables (Table 1) were then 
entered into each of the models in WinBUGS 1.4.3 (Lunn et al. 2000), and fitted with an 
iterative simulation (Markov chain Monte Carlo) method (Thogmartin et al. 2004, 
Thogmartin and Knutson 2007).  This method incorporated effects associated with 
autocorrelated counts and nuisance effects associated with years and observers (Thogmartin 
and Knutson 2007). 
Following the methods of Thogmartin et al. (2004), global models were created for 
each of the species at logarithmically related scales of 800, 8000, and ~80000 ha.  These 
scales correspond to 0.1-, 1-, and 10-km buffers surrounding each of the BBS survey routes 
taking into count both the ecology and the potential range of landscapes used by these 
species.  We then used methods comparable to backward selection to arrive at the “best” 
models for each of the three scales.  We identified the best models using an information-
theoretic approach and the Deviance Information Criterion (DIC; Spiegelhalter et al. 2002).  
Similar to the Akaike’s Information Criterion (AIC), competing models comprised the model 
with the lowest DIC value and the wi  is interpreted as the probability that model i is the best 
model in the set being considered (Burnham and Anderson 2002).  The final models included 
only the best performing models from each of the three scales (800, 8000, ~80000 ha) at a 
∆DIC of < 5 units from the “best” model. 
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The final predictions were then mapped in a GIS (ArcGIS 9.2, Environmental 
Systems Research Institute, Redlands, CA) using grids of 800, 8000, and 80000 ha cells to 
calculate the predicted abundance using ArcGIS Spatial Analyst raster calculator (ArcGIS 
9.2 and 9.3, Environmental Systems Research, Inc., Redlands, CA; Thogmartin and Knutson 
2007).  Since species may respond to variables differently across scale (Scott et al. 2002), we 
averaged using the model weights, the three maps to produce a final map of predicted 
abundance for the Wood Thrush and Blue-winged Warbler at a resolution of 0.09-ha the 
resolution of the NLCD.  Mapping predictions creates visual representations of high to low 
predicted abundances, which can be then used for making land management decisions. 
Model evaluation  
Within an ecological subregion of BCR23 we collected an independent data set to 
evaluate the predictions of the hierarchical models.  The Driftless Area encompasses parts of 
Minnesota, Iowa, Wisconsin and Illinois, and is bisected by the Mississippi River.  It covers 
approximately 39,000 km2 and is characterized by rugged uplands and deeply cut valleys 
(Prior 1991).  Forests are primarily fragmented by agriculture and remnants are mainly 
located on steep slopes (McNab and Avers 1994).  We focused on study sites in the western 
half of the Driftless Area in Southeastern Minnesota and Northeastern Iowa (Fig 2). 
We selected point count stations from a suite of locations surveyed by Norris (1999) 
and Niemi (1998) on public (e.g. state parks, forests, and wildlife management areas) and 
private lands in northeastern Iowa and southeastern Minnesota (Fig. 2), a portion of the larger 
bird conservation region.  Study locations were chosen based on the maps of high to low 
predicted abundance for the Wood Thrush and Blue-winged Warbler.  Because we were 
evaluating the predictive models and not the land cover data used to create the maps, we only 
included count stations located in areas considered potential habitat on the maps of predicted 
bird abundance.   
  
 
55  
Within northeastern Iowa and southeastern Minnesota a total of 131 point count 
stations were digitized from topographic maps in a GIS (Geographic Information System), 
converted to waypoints, and uploaded to GPS (Global Positioning System) receivers to aid in 
navigation during surveys.  All survey points were >250 m apart and >50 m from the nearest 
forest edge.   
Using similar methodology as Norris (1999) and Niemi (1998), unlimited distance 
point counts were conducted at each of the 58 public land point count stations in Iowa twice 
during the first breeding season between May 30th and July 18th in 2006, and at all 131 public 
and private sites in Iowa and Minnesota during the 2007 breeding season using standard 
point count methodology (Ralph et al. 1993, Ralph et al. 1995, Howe et al. 1997).  Surveys 
were conducted between sunrise and 1000 h, and no surveys were conducted during rainfall, 
high winds (>20 km/hr) or fog.  All counts were initiated immediately after the observer 
arrived at each point count station and continued for 10 min.  All birds were identified 
visually and/or aurally; fly-overs were noted but not included in the final counts.  To reduce 
observer bias, the two surveys at a given site were conducted by different observers.  For 
comparison with the hierarchical statistical models, data collected from both surveys periods 
were truncated to 100-m for statistical analysis. 
The independent count data differed greatly in both scale and methodology from the 
BBS data used in the models, therefore, point count stations were grouped into sites.  Each 
point-count station was buffered by 1.5-km and stations with adjacent buffers were grouped 
together to create a site.  We used 1.5-km for our buffer because it is thought that potential 
errors within the National Land Cover Dataset may increase the variability in habitat 
classifications at a scale smaller than 10km2 (Thogmartin et al. 2006).  Sites consisted of 
between two and nine point count stations.   
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To compare observed and predicted abundance, we calculated the mean predicted 
abundance from 30 x 30 m resolution maps created from the hierarchical spatial count 
models and observed abundance collect from the count data.  Predicted and observed 
abundances were then averaged separately over the site to get the mean abundances per site.   
To make comparisons, we standardized these data by subtracting the mean and 
dividing by the standard deviation (Murray et al. 2008).  The observed relative abundance 
was defined as the maximum number of individuals observed within a 100-m radius on a 
single survey each year, averaged between years.  We used the maximum number of 
individuals rather than the mean because averaging values across a breeding season would 
under-estimate species not present or not singing during one or more surveys.   
We evaluated the hierarchical models for both the Wood Thrush and Blue-winged 
Warbler using four independent data sources.  Model evaluation was conducted using both 
BBS data not used in model creation and independent point counts in southeastern Minnesota 
and northeastern Iowa.  Point count data included counts in Iowa by Norris (1999) from 
1995-96, in Minnesota by Niemi (1998) from 1997-98, and lastly Iowa and Minnesota from 
2006-07.  Thus, we used count data collected during the period of BBS counts used in the 
models (1981-2001) and data collected after that period as part of our assessment of the 
shelf-life of these species-habitat models.  
First we evaluated the Blue-winged Warbler models using methods similar to those of 
Thogmartin et al. (2004).  We withheld 415 BBS counts from the creation of the hierarchical 
models and compared the predicted to the observed counts for each of these using a simple 
linear regression.  Hierarchical models for the Wood Thrush were previously evaluated for 
the entire BCR 23 using a similar approach (Thogmartin and Knutson (2007).  
Using the point count data collected in Iowa and Minnesota, we conducted Spearman 
rank-correlation tests for each time period to measure the correspondence between predicted 
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and observed abundances for each species (Proc Corr Spearman, SAS Institute 2003).  
Spearman rank tests are appropriate when the data do not meet the assumption of normality 
and absolute abundances are not comparable (Legendre and Legendre 1998).  All data sets 
included a mean predicted abundance over two years except for the Minnesota counts 
conducted in 2007.  These data were averaged by site over just one year.  Since the point 
count data in each state was collected by different observers and during slightly different 
time frames, we tested whether this made a difference in our correlations.  We first compared 
the rank correlations of the two independent data sets in the 1990s with the model 
predictions.  The analysis was first conducted separately for data in each state and then with 
these data pooled over the years.  We then repeated these analyses using the data collected in 
2006 and 2007.   
RESULTS 
Similar to the Wood Thrush (Thogmartin and Knutson 2007), the Blue-winged 
Warbler models had explanatory variables repeated at different spatial scales (Table 1).  A 
total of 15 models were considered strong model candidates, with the null model having a 
weight of 2%.  Models of Blue-winged Warbler abundance indicated a substantial 
association with environmental covariates in comparison to the null model with only non-
habitat variables (Table 2).  This could be an indication that uncertainty may be an artifact of 
scale and not variable selection (Thogmartin and Knutson 2007). 
  We predicted that Blue-winged Warbler abundance would be greatest in forests with 
high edge-to-patch ratios, high road densities and low human population densities (Gill 
2002).  Edge, patch area and road densities were most influential at intermediate scales, 
while human population was included in only one competing model (Table 2).  Models for 
the Blue-winged Warbler exhibited positive associations between avian abundance and 
percent forest at all scales, but this relationship was strongest at the intermediate scale (Table 
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3).  There also was a strong negative association with the wetness index.  Results from the 
final average model indicated that Blue-winged warblers prefer areas of dry forest with a 
high proportion of edge (Table 3). 
Maps of the final predictions indicate highest abundances for the Blue-winged 
Warbler in the eastern half of the Driftless Area and in southern and eastern Michigan (Fig. 
3).  The BBS data that were withheld from model construction for the Blue-winged Warbler 
had a high number of ones and zeros.  Despite the generally low abundance of this species, 
the overall model performed moderately well at predicting regional abundances (r2= 0.37; 
Fig. 4).   
The Wood Thrush was observed more often than the Blue-winged Warbler during 
both the BBS surveys and the point counts.  Spearman rank correlation values between 
predicted and observed abundances were positive, however, correlations varied over time and 
scale (Table 4).  Overall, the Minnesota and Iowa combined data and the Iowa-only data had 
stronger Spearman rank correlations for the two species.   Wood Thrush correlation was 
highest for the data collected in Iowa from 2006-07 with a Spearman correlation of 71%; 
however, combined data for the two time periods exhibited strong Spearman rank 
correlations as well (this is also exhibited in the predicted vs. observed plots in Fig. 5 panels 
C & D).  In comparison to the Wood Thrush, the Blue-winged Warbler Spearman rank 
correlations were relatively weak (Table 4), as well as their combined plots (Fig. 5 panels A 
& B).  Plots of the Blue-winged Warbler predicted vs. observed abundance exhibited 
evidence of under and over predictions, with a couple of outliers for the data collected in 
Minnesota during both time periods (Fig. 6, panels C & D).  In comparison, the Wood 
Thrush plots exhibited primarily over predictions for the Minnesota data (Fig. 7, panels C & 
D).   
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DISCUSSION 
Rank correlations suggest models were useful to some extent for predicting survey 
counts for the Wood Thrush but not necessarily for the Blue-winged Warbler.  Model 
accuracy tended to increase for the Wood Thrush with repeated surveys and wider coverage.  
In contrast, the Blue-winged Warbler exhibited increases in model accuracy using the 
combined 1990’s data for Minnesota and Iowa; however, these results were not very strong.  
This is the opposite of what was found in Chapter 2 of this thesis.  In Chapter 2, logistic 
models for the Blue-winged Warbler exhibited strong predictive ability, while the Wood 
Thrush models performed poorly in comparison to the intercept-only model.  Several reasons 
could account for these differences in model accuracy between the two species and for each 
species individually. 
Scale may be an important factor between the models created in Chapter 2 and the 
hierarchical models.  With the Blue-winged Warbler logistic models, we were able to get at 
the fine-scale habitat changes that can not be detected through remote sensing.  Conversely, 
we may not have been able to measure forest cover at broad enough scales for the Wood 
Thrush that can be captured in the hierarchical models.    
Another aspect to consider is the spatial and temporal differences between the models 
and the independent data.  First of all, we compared the spatial resolution of 10-minute point 
counts to 150-minute route counts (3-min counts at 50 stops on a BBS route), and the 
temporal resolution of 2 year point counts vs. 20 year mean abundance.  Both of these issues 
make comparisons difficult and increase variability.   
Temporal disparity could also account for some disparity in the models.  We used 
1992 NLCD to create the models and then tested them with count data collected as much 
as15-years later.  As discussed in Chapter 2, successional changes can occur within a ten-
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year time frame.  In Chapter 2, we found evidence of oak decline and decreases in canopy 
openings.   
Habitat preference may play a part in differences we see in model accuracy.  The 
Wood Thrush is known to be associated with mature deciduous forest while the Blue-winged 
Warbler is more commonly found in shrubby areas along the forest edges (Gill 2001).  Loss 
of habitat may occur more rapidly along the forest edge compared to the forest interior.  The 
loss of transitional habitat due to an increase in agricultural intensity or successional changes 
may be influencing these models.   
Another potential reason for model inaccuracy for the Blue-winged Warbler could be 
a result of important covariates that are missing from the models.  Blue-winged Warblers 
overlap in range and are known to hybridize with Golden-winged Warblers (Vermivora 
chrysoptera; Confer et al. 2003, Gill 2004, Dabrowski et al. 2005, Vallender et al. 2007).  
The range expansion of the Blue-winged Warbler has shown to have an affect on clutch sizes 
for the Golden-winged Warbler (Confer et al. 2003).  This interaction may require further 
exploration.   
A second species with a potential interaction effect is the Brown-headed Cowbird 
(Molothrus ater).  Blue-winged Warblers are commonly parasitized by cowbirds in heavily 
fragmented habitats (Gill 2002).  Research conducted by Elliot (1999) witnessed not only 
cowbird nest parasitism, but cowbird infanticide of Blue-wined Warbler nestlings.  However, 
this may not be as much of an issue since Brown-headed Cowbirds have experienced 
decreasing abundance throughout this region (Sauer et al. 2008a). 
Lastly, model inaccuracies for the Blue-winged Warbler could be a result of low 
abundances in this section of the Driftless Area or detection errors either in the BBS data or 
point counts.  The western half of the Driftless Area is on the northwestern edge of the Blue-
winged Warblers breeding range.  In contrast, the Wood Thrush’s range extends well past the 
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Driftless Area to the Missouri River (Poole and Gill 2002, Sauer et al 2008).  Also, BBS 
counts may not accurately measure abundance outside the detection area of a survey route 
(Keller and Scallan 1999, Lawler and O’Connor 2004). 
Overall, hierarchal models may be a useful tool for concentrating efforts at the scale 
of the management unit (e.g. Wildlife Management Areas, State or Federal Lands). The lack 
of predictive strength in either the Blue-winged warbler or Wood Thrush models are likely 
the result of a combination of factors including: spatial and temporal resolution, temporal 
disparity, low abundance in the survey area, missing covariates, and insufficient survey 
coverage.  Abundance of the species of interest seems to be an important factor in 
determining the predictive ability of the models.  We found that this was the case with the 
Wood Thrush.   
It is important to find ways to increase the strength of these models.  Research 
conducted by Murray et al. (2008) on grassland birds found that repeated surveys increase 
model predictability, while others found adding additional counts increased detection of rare 
species (Link et al. 1994).  Predictive models should be one of many tools land managers use 
to concentrate their conservation efforts.  Use of these predictive models should be dependent 
on the species of interest and caution should be used when a species is considered to be rare.  
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TABLES AND FIGURES 
Table1. Environmental and non-habitat covariates included in global models for the Wood 
Thrush (WOTH) and Blue-winged Warbler (BWWA) in Bird Conservation Region 23 
(Prairie Hardwood Transition). 
Class Variable Species1 
   
Land cover composition Deciduous forest (%)  WOTH, BWWA 
 Pine forest (%)  WOTH 
 Wooded wetland (%)  WOTH 
Land cover configuration Forest patch area residuals (%) 
(residuals from a regression of 
forest patch area against percent 
forest) 
BWWA 
 Forest edge residuals (%)  
(residuals from a regression of 
forest edge against percent forest) 
BWWA 
Physiognomic Mean static wetness index (scales 
between 1[dry] to 19[moist]) or 
ln(Catchment Area/tangent of the 
slope angle) 
WOTH, BWWA 
Potential human disturbance Mean road density BWWA 
 Mean human density BWWA 
Non-habitat  Spatial neighborhood  
(random effect) 
WOTH, BWWA 
 Year effect  
(random effect) 
WOTH, BWWA 
 Temporal trend effect  
(random effect) 
WOTH, BWWA 
 Observer effect 
(random effect) 
WOTH, BWWA 
 Novice observer effect 
(fixed effect) 
WOTH, BWWA 
      
1 variables for the Wood Thrush were derived by Thogmartin and Knutson (2007).  
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Table 2. Subset of models considered ‘best’ fitted to the 1981-2001 Breeding Bird Survey counts for the Blue-winged Warbler in 
the Prairie-hardwood Transition region of the United States.  The Null model includes observer, year, and spatial correlation 
without environmental covariates.  Only models within 5 DIC of the best model are shown for comparison. 
Best subset 
Model Explanatory variable 
Scale 
(ha) pDa DICb ∆DICc wid 
Evidence 
ratioe 
1 Forest, Forest edge residuals, 
Forest patch area residuals, 
Wetness index 
8000 170.857 1520.560 0.000 0.152 1.000 
2 Forest, Forest edge residuals, 
Road density, Wetness index 
8000 170.110 1522.120 1.560 0.070 2.181 
3 Forest, Forest edge residuals, 
Wetness index 
8000 169.465 1522.420 1.860 0.060 2.535 
4 Forest, Wetness index 80000 178.154 1522.73 2.170 0.051 2.959 
5 Forest                          8000 176.373 1523.100 2.540 0.043 3.561 
6 Forest, Forest edge residuals 80000 172.149 1523.34 2.780 0.038 4.015 
7 Forest, Wetness index 8000 176.991 1523.390 2.830 0.037 4.116 
8 Forest, Forest edge residuals, 
Wetness index 
80000 171.159 1523.39 2.830 0.037 4.116 
9 Forest, Forest patch area 
residuals, Wetness index 
800 172.633 1523.630 3.070 0.033 4.641 
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Table 2. (continued) 
Best subset 
Model Explanatory variable 
Scale 
(ha) pDa DICb ∆DICc wid 
Evidence 
ratioe 
10 Forest, Forest patch area 
residuals, Road density, 
Wetness index 
800 173.802 1523.660 3.100 0.032 4.711 
11 Forest, Forest edge residuals, 
Forest patch area residuals, 
Road density, Wetness index 
8000 167.711 1524.17 3.610 0.025 6.080 
12 Forest,  Human population 
density 
80000 178.4 1524.67 4.110 0.019 7.807 
13 Wetness index 800 177.281 1524.810 4.250 0.018 8.373 
14 Forest  80000 178.212 1524.81 4.250 0.018 8.373 
15 Forest, Wetness index 800 172.692 1524.860 4.300 0.018 8.585 
16 Null   179.538 1525.220 4.660 0.015 10.278 
pDa is the effective number of parameters, and is given by the posterior mean of the deviance minus the deviance of the posterior 
means. 
DICb is the Deviance Information Criterion. 
∆DICc is the difference between the best model and the model of interest. 
wid is the model weight 
Evidence ratioe is the model weight for the best model divided by the weight the model of interest
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Table 3. Explanatory variables included in the final models for the Blue-winged Warbler in the Prairie-hardwood Transition 
Region of the United States.  Table includes explanatory variables, their corresponding scale and 95% confidence intervals for the 
posterior medians. 
Explanatory Variables Model Scales Median 95% LCL 95% UCL 
     
Forest Edge residuals (%) 8000 0.7716 0.3569 1.218 
Forest Patch Area residuals (%) 800 -0.7549 -1.251 -0.3187 
 8000 -0.05901 -0.4731 0.3598 
Forest (%) 800 0.3217 -0.1203 0.7686 
 8000 0.8233 0.3939 1.292 
 80000 0.362 -0.1271 0.8784 
Mean Static Wetness Index 800 -0.555 -0.9987 -0.121 
 8000 -0.3323 -0.7437 0.07601 
 80000 -0.585 -1.027 -0.1349 
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Table 4. Results of Spearman rank correlation tests comparing predicted and observed abundances for the Blue-winged Warbler 
and Wood Thrush in the Driftless Area of the Midwestern United States. 
Species Data # of Sites Rho p-value 
    
Blue-winged Warbler    
IA 1995-96  8 0.57 0.14 
IA 1995-96 & MN 1997-98  23 0.27 0.21 
MN 2007  15 0.24 0.39 
MN 1997-98  15 0.20 0.48 
IA 2006-07 & MN 2007 28 0.13 0.51 
IA 2006-07 13 0.03 0.92 
    
Wood Thrush    
IA 2006-07  13 0.71 0.0068 
IA 1995-96 & MN 1997-98  23 0.58 0.0035 
IA 2006-07 & MN 2007  28 0.58 0.0012 
IA 1995-96  8 0.20 0.63 
MN 1997-98 15 0.08 0.77 
MN 2007 15 0.08 0.78 
        
  
 
74  
FIGURE LEGENDS 
Figure 1. BBS survey routes in BCR23 included in the individual species regional Bayesian 
models.  
 
Figure 2. Point count stations in the Driftless Area of the upper Midwestern United States 
surveyed in the 1990s and in 2006-2007.  Bird Conservation Region 23 (BCR23) is shown in 
the inset.  
 
Figure 3. Predicted relative abundance of the Blue-winged Warbler in BCR23.   
 
Figure 4. Regression of Observed Breeding Bird Survey counts, withheld during the 
construction of the Blue-winged Warbler hierarchical model in BCR23, on expected counts. 
 
Figure 5. Observed abundances of the Blue-winged Warbler and the Wood Thrush based on 
survey data collected in Minnesota and Iowa fitted against predicted abundances.  Panels 
represent observed vs. Predicted for: “A” is BWWA 1990’S data, “B” is BWWA 2000’s 
data, “C” is WOTH 1990’s data, and “D” is WOTH 2000’s data. 
 
Figure 6. Observed abundances of independent data collected for the Blue-winged Warbler 
fitted against predicted abundances for BCR23.  Panels represent observed vs. Predicted for: 
“A” is Iowa 1995-96 data, “B” is Iowa 2006-07 data, “C” is Minnesota 1997-98 data, and 
“D” is Minnesota 2007 data. 
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Figure 7. Observed abundances of independent data collected for the Wood Thrush fitted 
against predicted abundances for BCR23.  Panel represent observed vs. Predicted for: “A” is 
Iowa 1995-96 data, “B” is Iowa 2006-07 data, “C” is Minnesota 1997-98 data, and “D” is 
Minnesota 2007 data. 
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Figure 4 
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Figure 7. 
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CHAPTER 4. 
GENERAL CONCLUSIONS 
The results of this study suggest that avian communities are more similar today than 
they were 10-years ago.  Approximately half of the species surveyed showed relatively little 
change between the 1995-96 and the 2006-07 surveys.  Cerulean Warblers (Dendroica 
cerulean), were found at two thirds the number of points at which they previously occurred.  
However, at the site scale, only the Baltimore Oriole (Icterus galbula) experienced 
significant declines in the probability of occupancy.  Another species sensitive to the loss of 
open woodlands, the Red-headed Woodpecker (Melanerpes erythrocephalus), was not 
detected at any of our count stations; however, it was not detected in any significant 
abundance during the 1995-96 surveys.  Not all species followed these trends.  Contrary to 
regional data, three species (e.g. Acadian Flycatcher, Empidonax virescens; Wood Thrush, 
Hylocichla mustelina; and Veery, Catharus fuscescens) exhibited slight increases in the 
number of points at which they were detected.   
Based on my findings, patterns of oak decline and a failure for oaks to regenerate are 
occurring on the public lands in northeastern Iowa.  Several trees species have increased 
within the canopy including sugar maple (Acer saccharum) and one species of oak (Quercus 
rubra).  Oaks were virtually absent from the understory at our count stations, as were a 
number of other species characteristic of these forests (eg. bitternut hickory [Carya 
cordiformis] and basswood [Tilia Americana]).  A number of shrub species also experienced 
declines within the subcanopy including serviceberry (Amelanchier arborea) and dogwood 
(Cornus spp.).   
Contrary to my predictions buckthorn (rhamnus  spp.) and honeysuckle (lonicera 
spp.) were not present insignificant abundance in the subcanopy and understory of the forests 
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I surveyed.  However, an exotic species, not previously detected during surveys in 1995-96, 
has rapidly invaded several public lands within northeastern Iowa:  Garlic mustard (Alliaria 
petiolata) is nearly ubiquitous throughout the southwestern corner of the Driftless Area in 
Iowa, though still rare in the northern most corner of the state.   
I observed the best performance among my predictive models with species associated 
with open habitats and shrubby understories.  Some models, for example the Blue-winged 
Warbler (Vermivora pinus) and Eastern Towhee (Pipilo erythrophthalmus), had very strong 
predictive ability, but included an unexpected negative terms for open canopy at the 200-m 
scale.  Research suggests that Blue-winged warblers avoid open areas with extensive edge 
and are more abundant in areas with larger patches of shrubland (Rodewald and Vitz 2005).   
My models also performed well for several species associated with mature deciduous 
forest.performed  Predictive models for the Veery include a negative term for tree diameter 
and a positive term for shrub cover, following patterns already observed for this species 
(Bevier et al. 2005).  Also, species generally associated with large tracts of forest, for 
example the Veery and Cerulean Warbler, exhibited negative relationships with forest cover 
at the 1 and 6-km scales.  This is an indication that I may not have captured the most relevant 
scale for forest cover, or that I may have included a type of forest not preferred by either of 
the two species.  Nonetheless, further investigation is necessary to determine the full extent 
to which these species are affected by forest cover.  
Habitat generalists, like the American Robin (Turdus migratorius) and American 
Goldfinch (Carduelis tristis), exhibited poor model performance.  Also, species models 
relying solely on landscape variables (i.e. Eastern Wood-Pewee, Contopus virens) performed 
poorly.  Overall, species with a combination of both local and landscape variables performed 
the best. Nonetheless, the inclusion of variables measured at relatively fine scales suggests 
that relying on remotely sensed imagery alone will not be sufficient. 
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Overall, hierarchal models may be a useful tool for concentrating efforts at the scale 
of the management unit (e.g. Wildlife Management Areas, State or Federal Lands).  
However, the lack of predictive strength for both the Blue-winged warbler and Wood Thrush 
models are likely the result of a combination of factors including: spatial and temporal 
resolution, low abundance in the survey area, missing covariates, and insufficient survey 
coverage.   
Scale may also play an integral part in creating accurate predictions.  An example of 
this is the difference between the logistic regression and Bayesian hierarchical models of the 
Blue-winged Warbler.  The logistic regression models for the Blue-winged Warbler predicted 
species occurrence better than the hierarchical model was able to predict species abundance. 
One reason may be the scale at which the environmental variables are measured.  Logistic 
models of the Blue-winged Warbler allowed for finer scale measurements (e.g. shrub and 
understory cover) that can not be measured through remote sensing techniques.   
It is important to find ways to increase the strength of these models.  Research 
conducted by Murray et al. (2008) on grassland birds found that repeated surveys increase 
model predictability, while others found adding additional counts increased detection of rare 
species (Link et al. 1994).  Predictive models should be one of many tools land managers use 
to concentrate their conservation efforts.  Use of these predictive models should be dependent 
on the species of interest and caution should be used when a species is detected in low 
abundance.  
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